Abstract. The occurrence of Phellinus hippophaëicola H. Jahn, a fungal pathogen of Hippophaë rhamnoides L., on the Pobrzeże Szczecińskie coastland, NW Poland, was surveyed during 2015-2016. Altogether 59 localities of Phellinus hippophaëicola were recorded, including the first Polish inland locatlities on cultivated plants of Hippophaë rhamnoides. The localities are from 18 ATPOL grid squares, including 43 localities on the Baltic Sea coast. Phellinus hippophaëicola occurred at 74% of all the localities of Hippophaë rhamnoides examined, and at ca 84% of the plant's natural sites. These findings, and also the status of Hippophaë rhamnoides as a protected species occurring in protected habitats in Natura 2000 sites, mean that Phellinus hippophaëicola is not a rare and endangered species in Poland. In total, 69 localities located in 28 ATPOL grid squares, including the localities reported here, are currently known from Poland.
Introduction
The basidiomycete fungus Phellinus hippophaëi-cola H. Jahn belongs to the diverse genus Phellinus s.l. classified within the order Hymenochaetales and family Hymenochaetaceae (Robert et al. 2005) . It is a parasite and a causal agent of white rot of Hippophaë rhamnoides L. (rarely Elaeagnus angustifolia L.), though less frequently it also lives as a saprotroph. The fruitbodies of the fungus appear on trunks and branches (Jahn 1976) . Phellinus hippophaëicola is widespread in Europe and eastwards towards Central Asia. Its range is closely related to that of Hippophaë rhamnoides; it occurs in all of its thickets with old shrubs (Jahn 1976) . In Europe it is known from Great Britain (England, Scotland, Wales), France, Belgium, Holland, Denmark, Germany, Poland, Norway, Sweden, Finland, Lithuania, Switzerland, Austria, Italy, Bulgaria, Luxembourg, Turkey and the southern part of European Russia (Domański et al. 1967; Mazelaitis 1976; Michael et al. 1981; Breitenbach & Kränzlin 1986; Kreisel 1987 Kreisel , 2009 Krieglsteiner 1991 Krieglsteiner , 2000 Ryvarden & Gilbertson 1994; Gricius & Matelis 1996; Niemelä 1997 Niemelä , 2001 Gyosheva et al. 2006; Sesli & Denchev 2009; Denchev & Assyov 2010; Ghobad-Nejhad 2011; Kunttu et al. 2011; Garnier-Delcourt et al. 2013) . In Asia it has been recorded in Russia (Western Siberia), Kazakhstan, Georgia, Azerbaijan, Uzbekistan, China, India and Thailand (Bondartsev 1953; Shvartsman 1964; Dai 2010 Dai , 2012 Chandrasrikul et al. 2011; Ghobad-Nejhad 2011; Ranadive et al. 2011; Vlasenko 2013) .
In Poland, Phellinus hippophaëicola was rarely reported previously; 16 localities of this fungus were reported earlier, scattered exclusively along the coast of the Baltic Sea between the towns of Międzyzdroje and Krynica Morska (Wojewoda 2002 (Wojewoda , 2003 Wilga & Wantoch-Rekowski 2013) . This study presents the results of detailed surveys of the occurrence of Ph. hippophaëicola on the Pobrzeże Szczecińskie coastland in northwest Poland. Based on the newly acquired data, the current distribution and threat status of the fungus in Poland are discussed.
Material and methods
To examine the occurrence of Phellinus hippophaëicola on the Pobrzeże Szczecińskie coastland, localities of its hosts, Hippophaë rhamnoides and Elaeagnus angustifolia, were first identified. Hippophaë rhamnoides is a under partial legal protection but its fruits may be collected outside of dune and cliff habitats provided that the shrubs are not damaged. It was under full protection between 1983 and 2014, and its occurrence is registered in documentary publications and nature protection studies.
The data on the occurrence of Hippophaë rhamnoides on the Pobrzeże Szczecińskie coastland are based on the Distribution Atlas of Vascular Plants in Poland (Zając & Zając 2001) , the distribution atlas of protected and endangered species of vascular plants in Zachodniopomorskie (West Pomerania) Province (Jasnowska et al. 2009) , and my research. The data on H. rhamnoides sites specifying exact locations in the latter atlas proved especially useful. That information was based on nature inventories of local administrative units and nature reserve protection plans. Also invaluable were the resources of the Nature Conservation Agency in Szczecin from 1996-2009. My detailed survey of the occurrence of Phellinus hippophaëicola in 2015-2016 also includes the results of sporadic observations from 2003-2014 which I repeated in 2015-2016. Localities of Hippophaë rhamnoides with known geographical coordinates were identified in the field using a GPS recorder. Areas for which there was no information about its occurrence were searched on foot. I also searched for Elaeagnus angustifolia, as there were no available data on its occurrence in the study area. After finding prospective host plants, their living and dead shoots were checked exhaustively to find fruitbodies of Phellinus hippophaëicola. The range of individual localities of H. rhamnoides and E. angustifolia as well as Ph. hippophaëicola was pinpointed using a GPS device and described with geographical coordinates. The survey includes general notes on the topography of the locality, the manner of shrub occurrence, vegetation accompanying H. rhamnoides, and the abundance of fruitbodies of Ph. hippophaëicola.
I attempted to establish exact figures for the number of fruitbodies of Phellinus hippophaëicola and the number of Hippophaë rhamnoides individuals infected by it, but in many cases had to estimate the numbers due to difficult field conditions. Vegetation patches on steep cliff walls were often inaccessible, dense thickets of thorny shrubs formed impenetrable barriers, and access to some areas was limited due to protection of the sea coastline and restrictions at military facilities and on private land.
A three-degree scale was used to describe the number of shrubs inhabited by fruitbodies of Ph. hippophaëicola, which could be treated as the number of individuals of Ph. hippophaëicola (1 -on 1 shrub, 2 -on 2-10 shrubs, 3 -on more than 10 shrubs). This scale does not include the number of fruitbodies on individual shrubs, which is related to mycelium maturity and host infection degree. There may have been more shrubs hosting Ph. hippophaëicola which could not be noted due to the obstacles described above. The localities are documented by photographs. The fruitbodies are deposited in the herbarium of the West Pomeranian University of Technology, Szczecin.
The study area is the Pobrzeże Szczecińskie coastland macroregion, which covers ca 8000 km 2 and is part of the Pobrzeże Południowobałtyckie coastland subprovince (Kondracki 2002) . The search for localities of Ph. hippophaëicola was conducted mostly in two mesoregions (Uznam and Wolin, Wybrzeże Trzebiatowskie coast) along coastline stretching over 100 km but also at all the localities of Hippophaë rhamnoides and Elaeagnus angustifolia known previously or found in the present study inland in five mesoregions (Równina Wkrzańska plain, Wzgórza Szczecińskie hills, Wzgórza Bukowe hills, Równina Pyrzycko-Stargardzka plain, Równina Nowogardzka plain). To complete the examination of square Bb-00, a small section of the Wybrzeże Słowińskie coast mesoregion in the Pobrzeże Koszalińskie coastland macroregion was also investigated.
Localities of Phellinus hippophaëicola on Hippophaë rhamnoides growing individually or in small clusters were pinpointed with a GPS device exactly at the site of their occurrence. For Ph. hippophaëicola living on shrubs growing close to each other or within long linear localities of H. rhamnoides, the weighted center of the locality was considered a locality. If such field localities of Ph. hippophaëicola were up to 500 apart, they were merged for mapping purposes and treated as one locality.
I analyzed the occurrence of Phellinus hippophaëi-cola in relation to the distribution of its host, Hippophaë rhamnoides. The number of host localities confirmed in this study, taken as 100%, was used to examine the occurrence of the fungus in order to capture the actual distribution of both organisms.
The results are presented as a cartogram of ATPOL grid squares and an ATPOL grid topogram (Zając 1978) in the mycological modification by Wojewoda (2000) . Mapping was automated using MapSource 6.13.7 and MapInfo Professional 6.5 SCP.
Results
A total of 59 localities of Phellinus hippophaëi-cola were recorded in the study. All numbered localities in 10×10 km squares are listed below in an east-west belt of ATPOL grid squares. The following information is given for each locality: name of macro-and mesoregion, nearest village, town or city, geographical coordinates, characteristic features of the locality of Hippophaë rhamnoides, abundance of Phellinus hippophaëicola, and observation date. The numbering of localities corresponds to the numbering in Figure 1 , 12 Feb. 2003 , 14 Feb. 2008 , 7 Feb. 2009 , 16 Feb. 2010 , 11 Feb. 2011 , 13 Feb. 2012 , 14 Feb. 2013 , 12 Feb. 2014 , 16 Feb. 2015 , 12 Feb. 2016 (Jasnowska et al. 2009 ). When 500 m was taken as the size of localities for my present study, the number of localities decreased to 120. Using a GPS device, 64 of these localities were sought. Twenty-five of them were discovered; the other 39 were not found despite searching at least within a 100 m radius of the reported site. Conditions for the occurrence of H. rhamnoides were not observed at many of these sites, suggesting that not all the data derived from nature inventories of administrative districts are reliable.
I also applied the route method to look for new localities of H. rhamnoides, especially in areas where data were not provided and the known localities were more than 2 km distant from each other. In total, a section stretching over 50 km of coastline was thoroughly penetrated, yielding 55 newly identified localities of H. rhamnoides. The entire accessible coastline along ca 8 km was thoroughly investigated in square Ba-09, but H. rhamnoides was not found there.
The investigations covered 16 contiguous ATPOL grid squares along the coastline and eleven scattered localities inland. Hippophaë rhamnoides was found in 21 squares at a total of 80 localities. Twenty-one of the 80 localities should be treated as anthropogenic, where the species was planted for ornamental purposes or to reinforce escarpments. These results were used to examine the spread of Phellinus hippophaëicola parasitizing Hippophaë rhamnoides. Phellinus hippophaëicola was observed in 18 squares at a total of 59 merged 500 m localities, that is, 113 field localities. It was not observed in only three squares where H. rhamnoides occurred ). An analysis of the occurrence of Ph. hippophaëicola relative to the distribution of its host shows that Ph. hippophaëi-cola occurred at ca 74% of the studied localities of H. rhamnoides. As many as ca 85% of the Ph. hippophaëicola localities were noted at natural sites of H. rhamnoides, but at only ca 43% of the anthro-pogenic sites. I observed signs of shrub cutting for maintenance and sanitation at anthropogenic sites in the towns of Szczecin, Stargard and Świnoujście; maintenance measures may have included removal of infected shrubs or parts of them containing Phellinus hippophaëicola fruitbodies. Anthropogenic localities in Szczecin and Stargard, situated in grid squares Ba-73, Ba-83 and Ba-84 at distances of 52 and 78 km from the Baltic Sea shore, are the first inland observations of Ph. hippophaëicola. The synanthropic occurrence of Ph. hippophaëicola in botanical gardens has been referred to by other authors including Kreisel (1979) in Greifswald and Bresinsky and Besl (1999) in northern Bavaria.
An analysis of the occurrence of Phellinus hippophaëicola only along the Baltic coastline shows a total of 43 localities, one locality per 2.3 km section of the coastline on average. The density of localities was greatest on Uznam Island (square Ba-21), where seven consecutively contiguous localities were noted along a 3.5 km long section. Hippophaë rhamnoides infected by Ph. hippophaëicola occurs in this area as a belt up to 150 m long. This large locality continues beyond Poland's western border (my observations). Larger gaps in the continuity of the spread of Ph. hippophaëicola can be seen in the eastern section of the Pobrzeże Szczecińskie coastland in squares Ba-07, Ba-08 and Ba-09. Localities 3, 4 and 5 are ca 16 km distant from each another.
Phellinus hippophaëicola was not found on Elaeagnus angustifolia in field searches. Elaeagnus angustifolia was observed in seven squares and at 14 localities, including four localities (4, 14, 15, 34) where it co-occurred with Hippophaë rhamnoides. Jahn (1976) reported Ph. hippophaëicola on E. angustifolia but the site location was not specified. Elaeagnus angustifolia as a host of Ph. hippophaëicola is reported in keys and atlases (Jülich 1984; Breitenbach & Kränzlin 1986; Ryvarden & Gilbertson 1994; Wojewoda 2002 Wojewoda , 2003 Bernicchia 2005) . In the available literature I found only one report of the occurrence of Ph. hippophaëicola on E. angustifolia in Sichuan Province in central China (Dai 2010) .
Together with the new localities described in this study, a total of 69 localities in 28 10 × 10 km ATPOL grid squares are known from Poland (Fig. 2) . The six sites reported by Wojewoda (2002) for the Pobrzeże Szczecińskie coastland seem to have been confirmed in this study, as the locations given in those records were only approximate and their descriptions are similar to the present records.
Due to the number of the localities of the fungus and their high occurrence at the localities of Hippophaë rhamnoides, Phellinus hippophaëicola seems to be a common species on the Pobrzeże Szczecińskie coastland, and not endangered. The same may hold true for the remaining coastal area of Poland. Its localities are indirectly covered by partial protection of H. rhamnoides, which it parasitizes, and by their status as Natura 2000 sites (vegetated sea cliffs -1230, sea dunes with H. rhamnoides -2160) where localities of H. rhamnoides occur naturally (Council Directive 92/43/EEC of 21 May 1992).
The Phellinus hippophaëicola fruitbodies observed in this study fully agreed with the morphological and microscopic features given in the species description (Jahn 1976) as well as in keys and atlases. White webs of insect larvae were often seen on the fruitbodies. The development of Lepidoptera larvae of Morophaga chloragella D. & Sch. and Scardia tessulatella Z. in fruitbodies of Phellinus hippophaëicola has been reported (Burmann 1983) . Morophaga chloragella is a frequent insect whose development takes place in fruitbodies of many other wood-inhabiting fungi such as Bjerkandera adusta (Willd.) P. Karst., Ganoderma applanatum (Pers.) Pat., Phellinus robustus (P. Karst.) Bourdot & Galzin and Trametes gibbosa (Pers.) Fr. (Jaworski et al. 2011) . Algae belonging to Chlorophyta (Chlorococcum sp.) develop on the upper surface of old fruitbodies (Dr. W. Kowalski, pers. comm.).
